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Exercise-induced hemodynamic effects of arteriovenous fistulas
used for hemodialysis. The hemodynamic burden of arteriovenous
fistulas or shunts used for chronic hemodialysis in patients with
renal failure was investigated in eight patients. Occlusion of the
A-V fistula produced nu significant difference in resting measure-
ments of cardiac output, heart rate, brachial artery pressure,
mean right atrial pressure, systemic vascular resistance, or esti-
mated myocardial oxygen demand. During graded recumbent
bicycle exercise the patients demonstrated a small but significant
increase in cardiac output when the A-V shunt was open. At
the peak level of exercise for each patient there was no significant
difference in heart rate, stroke volume, arterial pressure and right
atrial pressure. It is concluded from this study that an A-V
fistula created for hemodialysis produces little hemodynamic
deterioration. Patients who appear to develop congestive heart
failure while on dialysis are most likely underdialyzed or volume
overloaded and therapy should be directed toward alleviating
these problems.
Effets hémodynamiques, au cours de l'exercise, des fistules
artérioveineuses utilisées pour l'hémoclialyse. Les effets hémo-
dynamiqucs de fistules ou de shunts artérioveineux utilisés pour
t'hémodialysc chronique au cours de l'insuffisancc rénale ont
été étudiés chez six malades. L'occlusion dc la fistule A-V n'a
produit aucune difference significative dans les determinations,
faites au repos, du debit cardiaque, du rhythme cardiaque, de Ia
pression artérielle brachiale, de la pression moyenne dans le
ventricule droit, de Ia résistance vasculaire systémique ou du
besoin myocardique en oxygéne. Pendant un exercice progressif
de pedalage en position debout les malades ont eu une augmen-
tation minime mais significative du debit cardiaque quand le
shunt A-V était ouvert. Au maximum d'effort pour chaquc
maladc il n'y avait pas de difference significative du rhythme
cardiaque, du volume d'éjection, de Ia pression artérielle ct dc Ia
pression auriculaire droite. II est conclu de cette étude qu'une
fistulc A-V créée pour l'hémodialyse produit peu de désordrcs
hémodynamiques. Les malades chez lesquels apparait une in-
suffisance cardiaquc congestive au cours de l'hémodialyse sont
trés probablement insuffisamment dialyses ou hyperhydratés et
le traitement devrait étre orienté vers ces derniers problémes.
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The cardiac status in a patient with an arteriovenous
fistula is a source of concern, and cases of cardiac decom-
pensation in patients with large traumatic fistulas are
well known [1]. Arteriovenous shunts used for chronic
hemodialysis also have been reported to cause cardiac
embarrassment. The effects of these shunts on cardiac
hemodynamics have been investigated in patients at rest
[2] and small increases in cardiac output and pulse rate,
widened pulse pressure and decreased peripheral vascular
resistance have been reported. The present study was
undertaken to reevaluate the hemodynamic effects of these
shunts at rest and to examine the changes induced by
exercise in patients who have surgically-created A-V
fistulas for hemodialysis. Dynamic exercise causes an
increase in mean arterial pressure, heart rate, and cardiac
output, resulting in an increased peripheral shunting.
This adds to the hemodynamic burden of an expanded
vascular volume and anemia, both present in patients
with chronic renal disease.
Methods
Studies were undertaken in eight patients with renal
failure and no evidence of underlying heart disease. The
composition of the patient group is shown in Table 1.
Each patient had either an external Scribner shunt [3], an
internal A-V fistula [4], or both. The group consisted of
six men and two women; average age for the group was
33 years and the mean duration of the shunt was seven
months. The average hemoglobin was 7.0 g/100 ml and
the creatinine was 10.0 mg/I00 ml.
All studies were performed with the patients in the
recumbent position without premedication. The patients
were on chronic dialysis programs and had been dialyzed
the day prior to the study. Brachial artery pressure was
obtained from a small polyethylene catheter inserted
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Patient Age
years
Duration
of shunt
months
Hemo-
globin
g%
Crea-
tinine
mg%
WB 38 8 5.5 16.0
IL 33 1 6.0 5.5
JR 33 3 5.8 10.0
PC 36 3 10.0 9.9
JH 37 0.75 6.7 10.3
SN 16 9 9.5 7.9
BT 30 28 8.0 7.9
CB 38 1 5.6 13.4
Mean 33 7 7.0 10.0
a Tabulation of age, duration of shunt or fistula, hemoglobin,
and serum creatinine for the eight patients studied. The mean
values for each parameter are shown.
percutaneously in the arm opposite the A-V fistula in
patients with internal shunts. Arterial pressure in patients
with Scribner shunts was obtained from the arterial side
of the shunt. A central venous pressure catheter was posi-
tioned in the superior vena cava or right atrium by fluoro-
scopy. Indicator-dilution cardiac outputs were obtained
in duplicate, with approximately a one mm delay between
determinations. The average value of the two outputs
was used in all calculations. The standard error of the
mean difference between paired values was 0.06 liters/mm
at control, 0.15 liters/mm at 195 kpm, and 0.33 liters/mm
at 408 and 546 kpm. In addition, arterial pressure, central
venous pressure and heart rate were recorded before and
after each output. Using these data stroke volume and
systemic vascular resistance were calculated. Myocardial
oxygen demand during each period was estimated as the
heart rate-systolic blood pressure product. Estimated
peak oxygen demand was calculated from bicycle ergo-
meter work load.
Measurements were taken at rest with the fistula open,
then repeated after manual occlusion of the A-V fistula
or interruption of the shunt for 15 mm. Each patient
then performed submaximal supine graded bicycle exercise
at two or three levels of increasing work load of five mm
duration. Peak exercise was limited by fatigue in all patients.
A five mm rest period was allowed between each increase
in work load. Measurements of cardiac output, heart
rate, central venous pressure and arterial pressure were
obtained during the fourth and fifth minute of exercise. All
patients performed exercise to identical work levels with
their A-V fistula open and closed. The sequence of exercise
with the shunt either open or closed was randomly selected
for each patient.
Each patient served as his own control for comparing
changes in hemodynamic measurements with the A-V
fistula open and closed at rest and at each level of exercise.
Results were statistically analyzed by the paired Student t
test.
Results
The mean change in cardiac output at rest and at in-
creasing levels of exercise with the shunt open and closed
is shown in Fig. 1. At rest there was no significant change
in cardiac output with the shunt occluded. The mean
cardiac output was 7.9 5EM 0.4 liters/mm with the shunt
open and 8.0 SEM 0.6 liters/mm with the shunt closed.
Mean cardiac output values with the A-V fistula open are
significantly higher (P < 0.05) compared to exercise levels
with the fistula occluded. The differences are significant
at levels of exercise above 195 kpm/min. Output with the
shunt open increases to 12.7 liters/mm, 16.0 liters/mm,
and 18.2 liters/mm compared to 12.5 liters/mm, 14.9 liters/
mm, and 16.2 liters/mm with the shunt closed. Table 2
lists the control and peak exercise response for each patient.
The variability in cardiac output at rest is apparent and
the lack of significant difference is expected. During peak
exercise the difference in cardiac output is significantly
higher (P < 0.005) with the fistula open but the range of
individual mean change is small.
The mean values for heart rate at rest and during exercice
are shown in Fig. 2. Resting values are similar with the
shunt open or closed. Rate increased with exercise with
the A-V fistula open to 122 bpm, 144 bpm, and 179 bpm
compared to 118 bpm, 143 bpm, and 166 bpm with the
fistula closed. Heart rate at each level of exercise was higher
with the shunt open but the difference was not statistically
significant. The levels of heart rate at peak exercise (Table 2)
confirm that the patients were performing at moderately
heavy to near maximal exercise loads.
Stroke volume changes for the group are shown in
Fig. 3 and demonstrate no significant change during
occlusion of the shunt at rest or during exercise. The
importance of the decline in stroke volume at the highest
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Fig. 1. Comparison of cardiac output at rest and during graded
exercise with the arteriovenous fistula open (solid line) and closed
(dashed line). Each plotted point represents the mean value for
the number of patients examined at that specific level of exercise.
The number of patients represented at each point and the signi-
ficant difference between the paired samples with the shunt open
and closed at that point are shown below each exercise level.
Brackets represent the saM for the number of patients shown.
This same format is used for all subsequent figures. Abbrevia-
tions: kgm/min, kilogram meters per mm; NS, not significant;
Nnumber of patients.
Table 1. Patients with shunts or A-V fistulasa
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•---. Closed
7-
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Table 2. Hemodynamic values for the eight patients studied during control periods and at peak exercise for each patienta
.Patient
Cardiac output
liters/mm
Control Exercise
Heart rate
beats/mm
Control Exercise
HR x SB
Control
P x 10—2
Exercise
Estimated peak
02 consumption
mi/kg x mm
WB 0
C
6.1 12.6
5.8 12.6
85 133
82 133
115
119
324
322
16
IL 0
C
5.6 13.6
4.6 12.5
83 131
82 139
150
164
317
392
29
BT 0
C
6.6 11.3
6.3 10.1
72 94
70 94
101
98
173
150
15
IH 0
C
9.7 19.4
8.9 16.9
94 187
90 167
170
166
449
401
20
OB 0
C
9.5 17.6
8.6 16.8
96 200
91 180
192
189
480
432
24
PC 0
C
6.8 17.2
8.2 14,9
79 150
88 150
119
141
375
390
20
JR 0
C
10.2 22.3
12.7 20.2
90 155
98 140
88
115
248
224
14
SN 0
C
7.5 14.8
8.0 13.6
94 140
96 140
150
168
308
287
16
Mean
SM
0 7.9 16.1
0.4 1.3
87 179
2.9 14.9
136
12.6
334
35.8
Mean
SEM
C 8.0 14.7
0.6 1.1
87 166
3.2 8.7
145
11.2
325
34.9
pb NS <0.005 NS NS NS NS
a The mean values and standard error of the mean (sEat) are shown in the lower portion. The P value represents the significant difference
between paired values comparing the fistula open and closed. Abbreviations: HR x SBP x 10—2 = heart rate x systolic blood pressure
product; 0= fistula open, C= fistula closed.
b Open vs closed.
work load is unknown but occurred in all three patients
who were able to exercise at that work load. This might
represent left ventricular deterioration but the number of
patients is too small to warrant such a conclusion. The
190
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160 //P=<0.10
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significantly higher cardiac output during exercise when
the A-V fistula is open is not due to a significant change
in either stroke volume or heart rate but a combination
of small changes in each parameter.
No significant change occurred in mean right atrial
pressure between exercise levels with the shunt occluded
or open and individual variations were quite large.
I-
c,D
kgm/mmn
Fig. 2. Heart rate during increasing exercise loads is compared Fig. 3. A comparison of stroke volume changes with the arterio-
with the arteriovenousfistula open and closed, venous fistula open and closed at rest and during exercise.
0 100 200 300 400 500
Exercise effects of arteriovenousfistulas 347
Values at higher work levels are difficult to evaluate
because of the small number of patients able to exercise
to this level.
Discussion
The hemodynamic effects of arteriovenous shunts in
patients with renal failure have been of interest since
N=8 chronic hemodialysis programs have proved capable ofsignificantly prolonging life. Most reports on this subject
have dealt with the problems of shunt thrombosis, local
100.200 300 400 500 600 changes in internal A-V fistulas and patient training and
kgm/min acceptance of the A-V fistula or shunt [7—91. The hemo-dynamic load created by the arteriovenous shunts has
Fig. 4. Mean aortic pressure at rest and during progressive appeared to represent a potential problem [10—12] but
exercise with the shunt open and closed. .most series have reported no significant evidence of clinical
deterioration in cardiac function [2, 4, 10, 12—16].
Mean arterial pressure changes are shown in Fig. 4. Few studies have examined hemodynamic effects
The increase in arterial pressure at increasing levels of directly. Assessment of cardiac function is difficult because
work load is noted to be similar to that expected in normal of the associated problems of hypertension, sodium and
individuals [5]. The sum of heart rate and systolic blood fluid retention, anemia and uremia. Johnson and Blythe [2]
pressure was calculated as an index of myocardial oxygen reported a decrease in resting cardiac output by a mean of
consumption [6]. The values at rest and during peak 640 ml per minute with occlusion of the A-V shunt, a
exercise with the fistula open and closed are shown in decrease of 7 %. Lindstedt [16] found an 8 % increase in
Table 2. No significant difference was noted in the heart cardiac output and Menno et al [12] reported a variation
rate-blood pressure product between patients with an of 10.3% to 27.8% with an average of 18.4% when an
open or closed fistula at rest or during peak exercise. A-V fistula was created. In spite of these increases in
Estimated peak maximal oxygen consumption was also cardiac output, there has been no direct evidence that these
calculated to demonstrate the relative degree of exercise increases have been responsible for cardiac deterioration.
performed by these patients. The presence of the shunt McMillan and Evans [11] reported one patient in
did not influence this response and no significant differences whom small changes in supine cardiac output were noted
were noted with the fistula closed, at rest with occlusion of the fistula, but during sitting
Fig. 5 shows the mean values for systematic vascular exercise output was considerably elevated when the fistula
resistance. There is an initial prominent decrease in vascular was open. To our knowledge, no systematic evaluation
resistance with low levels of exercise. With the exception of arteriovenous fistulas has been reported during graded
of the first level of exercise the resistance was higher at exercise.
each level when the A-V fistula was occluded, but the Our patients showed no significant change in resting
difference was statistically significant only at 408 kpm/min. cardiac output, heart rate, stroke volume, arterial pressure,
or systemic vascular resistance with occlusion of their
L 1400
A-V fistula. The mean values at rest were essentially
identical and examination of the individual data (Table 2)
reveals that the effects of shunt occlusion were quite
variable. However, during exercise a small but significant
increase in cardiac output occurred with the fistula open.
At peak level of exercise for each patient the cardiac output
was consistently higher with the A-V fistula open but heart
rate, stroke volume, arterial pressure and right atrial
pressure were not significantly different. The increase in
cardiac output with the fistula open varied from 0 to
2.5 litersj'min at maximal exercise. This degree of change
is unlikely to significantly interfere with normal cardiac
function. Myocardial oxygen demand was estimated from
the product of heart rate and systolic blood pressure.
This product reveals no significant difference at peak levels
kgm/min. of exercise when the A-V fistula is occluded. At high levels
Fig. 5. Systemic vascular resistance at rest and during graded of work systemic vascular resistance was significantly
supine exercise with the arteriovenous fistula open and closed, decreased when the A-V fistula was open. Arterial pressure
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at this level was unchanged, demonstrating the compen-
satory increase in cardiac output maintains the mean
perfusion pressure.
From this study it appears that the size of arteriovenous
fistulas used for chronic hemodialysis produces little
hemodynamic deterioration since changes in cardiac
output are insignificant at rest and only become significantly
elevated at levels of exercise which are not voluntarily
attained in patients with renal failure. The levels of peak
oxygen consumption and peak word load suggest that
these patients retain a significant ability to respond to the
stress of exercise and are thus not at the limits of their
cardiac reserve at rest. The cardiac deterioration in patients
undergoing hemodialysis appears related to the associated
factors of chronic renal disease such as hypertension,
venous congestive state, anemia, or underdialysis rather
than circulatory overload from a small peripheral A-V
fistula. Patients who appear to have congestive heart
failure while on a chronic dialysis program for renal
failure most likely are underdialyzed or fluid overloaded
and therapy should he directed toward these possibilities
rather than toward elimination of the shunt on the assump-
tion that it is too large.
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